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The title compound, [Rh(C 5 H 7 0 2 )(C 18 H 12 Cl 3 P)(CO)], 
contains the bidentate acetylacetonate ligand coordinated to 
the Rh 1 atom, forming a chelate ring [Rh— O = 2.0327 (15) 
and 2.0613 (14) A]. The Rh 1 atom is additionally coordinated 
by one P [Rh-P = 2.2281 (6) A] and one carbonyl C [Rh-C 
= 1.812 (2) A] atom, resulting in a slightly distorted square- 
planar geometry. The molecules are packed to minimize steric 
hindrance with the phosphanes positioned above and below 
the slightly distorted square geometrical plane. 

Related literature 

For background literature on the catalytic activity of rhodium- 
phosphane compounds, see: Carraz et al. (2000); Moloy & 
Wegman (1989); Bonati & Wilkinson (1964). For related 
rhodium compounds, see: Brink et al. (2007); Erasmus & 
Conradie (2011); Leipoldt et al. (1978); Steynberg et al. (1987). 




Experimental 

Crystal data 

[Rh(C 5 H 7 0 2 )(C 18 H 12 Cl 3 P)(CO)] 

M r = 595.62 

Triclinic, PI 

a = 9.6528 (17) A 

b = 11.535 (2) A 

c = 12.875 (2) A 

a = 65.211 (3)° 

P = 72.095 (4)° 

Data collection 

Bruker APEX DUO 4K CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
r mi „ = 0.826, r maI = 0.877 

Refinement 

R[F 2 > 2a(F 2 )] = 0.027 

wR(F 2 ) = 0.063 

S = 1.01 

6083 reflections 



y = 72.757 (4)° 
V = 1214.9 (4) A 3 
Z = 2 

Mo Ka radiation 
p = 1.12 mnT 1 
T = 100 K 

0.18 x 0.13 x 0.12 mm 



19382 measured reflections 
6083 independent reflections 
5395 reflections with / > 2cr(/) 
R in , = 0.029 



291 parameters 

H-atom parameters constrained 
A/w = 0.50 e A~ 3 
Ap mi „ = -0.48 e A~ 3 



Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT; program(s) used to solve 
structure: SIR97 (Altomare et al., 1999); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg & Putz, 2005); software used to prepare 
material for publication: publCIF (Westrip, 2010) and WinGX 
(Farrugia, 1999). 

The National Research Foundation (NRF) and the 
University of Johannesburg are acknowledged for funding. H. 
Ogutu is acknowledged for the data collection. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FK2054). 
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(Acetylacetonato-A: 2 0,O f )carbonyl[tris(4-chlorophenyl)phosphane- 
AP]rhodium(l) 

Nathan C. Antonels and Reinout Meijboom 
Comment 

Acetylacetonate has two O-donor atoms with equivalent u-electron donor capabilities. The high symmetry of dicarbonyl- 
(acetylacetonate)rhodium(I) complexes promotes easy carbonyl displacement of either carbonyl group with a variety of 
phosphanes, phosphites and arsines (Bonati and Wilkinson, 1964). These dicarbonyl(acetylacetonate)rhodium(I) 
compounds are typically used in methyl iodide oxidative addition studies (Erasmus and Conradie, 2011). This study is 
part of ongoing research into induced effects of various phosphanes coordinated to Rh(I) centers. Previous work 
illustrating the catalytic importance of the rhodium(I) square-planar moieties has been conducted on rhodium mono- and 
di-phosphane complexes containing the symmetrical bidentate ligand, acac (acac = acetylacetonate) (Moloy and 
Wegman, 1989). Symmetrical di-phosphane ligands result in the production of acetaldehyde, whereas unsymmetrical di- 
phosphane ligands are more stable and efficient catalysts for the carbonylation of methanol to acetic acid (Carraz et al, 
2000). In the title compound, [Rh(acac)(CO) {P(4 — CI — C6H 4) 3}] (acac = acetylacetonate), the coordination around the 
Rh atom shows a slightly distorted square-planar arrangement, illustrated by C24 — Rhl — PI and 01 — Rhl — 02 angles 
of 88.08 (7)° and 89.37 (6)°, respectively and a distance of 0.0015 (2) A for Rhl from the mean coordination plane. The 
Rh — C and Rh — P bond lengths are 1.812 (2) A and 2.2280 (6) A respectively. A larger trans influence of the phosphane 
ligand with respect to the carbonyl ligand is indicated by the longer Rh — 02 (2.0613 (14) A) bond compared to Rh — 01 
(2.0327 (15) A) bond which is trans to the carbonyl ligand. The molecular geometries are similar to those observed from 
the closely related compounds known from Steynberg et a/.(1987) and Leipoldt et a/.(1978). These compounds show 
similar spectroscopic properties to those as discussed by Brink et al. (2007). 

Experimental 

Asolution of [PCy 2 (4-Me2NC6H 4 )] (63.6 mg, 0.174 mmol) in acetone (3 cm 3 ) was slowly added to a solution of 
[Rh(acac)(CO)2] (44.5 mg, 0.172 mmol) in acetone (4 cm 3 ). The solvent was removed and recrystallized from dichloro- 
methane. Slow evaporation of the solvent afforded the title compound as yellow crystals (yield: 85.5 mg, 83%). 
Spectroscopic data: 31P {H} NMR (CDC1 3 , 161.98 MHz, p.p.m.): 47.55 p.p.m. ['J(Rh— P) = 176 Hz]; IR (solid) v(CO): 
1976 cm 1 . IR (dichloromethane) v(CO): 1981 cm 1 

Refinement 

Hydrogen atom positions were calculated and refined using a riding model (C — H = 0.95-0.98 A) with £/ iso (H) = 
1.2i7 e(1 (C) for aromatic H atoms, and a riding model allowing the torsion angle to be refined from the electron density 
with C/iso(H) = 1.5C/ eq (C) for methyl H atoms. 
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Computing details 

Data collection: APEX2 (Broker, 2010); cell refinement: SAINT (Broker, 2008); data reduction: SAINT (Broker, 2008); 
program(s) used to solve structure: SIR97 (Altomare et ah, 1999); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg & Putz, 2005); software used to prepare material for 
publication: publCIF (Westrip, 2010) and FFwGX(Farrugia, 1999). 




C9 >frCo 



CM 



Figure 1 

Molecular structure of the title compound. Displacement ellipsoids are drawn at the 30% probability level. 



(Acetylacetonato-/c 2 0,0')carbonyl[tris(4- chloraphenyl)phosphanc-/t/>]rhodium(l) 



Crystal data 

[Rh(C 5 H 7 0 2 )(C 18 H I2 Cl 3 P)(CO)] 

M r = 595.62 

Triclinic, PI 

Hall symbol: -P 1 

a = 9.6528 (17) A 

b= 11.535 (2) A 

c= 12.875 (2) A 

a = 65.211 (3)° 



p = 72.095 (4)° 
y = 72.757 (4)° 
V= 1214.9(4) A 3 
Z=2 

P(000) = 596 

D % = 1.628 Mgrrr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 8738 reflections 
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(9 = 2.7-28.4° 
fi = 1.12 mirT 
T= 100 K 



Block, yellow 



0.18 x 0.13 x 0.12 mm 



Data collection 




19382 measured reflections 
6083 independent reflections 
5395 reflections with I > 2<j(7) 
R mt = 0.029 

$max = 28.7°, 6 m i n = 1.8° 



A = — 11— >13 
yfc = -15->15 
/ = -17->17 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/to^Fo 2 ) + (0.0242P) 2 + 0.9592P] 

where P = (F 0 2 + 2F 2 )/3 
(A/o-)^ = 0.005 
Ap max = 0.50 e A" 3 
Ay9 min = -0.48 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



x 



Rhl 

Cll 

C12 

C13 

PI 

01 

02 

03 

CI 

C2 

H2A 

H2B 

H2C 



0.9742 
0.8349 



1.052699 (17) 
0.39474 (6) 
1.24276 (7) 
0.52995 (6) 
0.89407 (5) 
0.96017 (16) 
1.20480 (15) 
1.18810(19) 
1.0041 (2) 
0.9110(3) 
0.863 



0.1658 
0.1984 



0.359470 (15) 
0.72923 (6) 
0.04921 (6) 
-0.10417(5) 
0.28944 (5) 
0.28916(14) 
0.42067 (14) 
0.46211 (18) 
0.2905 (2) 
0.2347 (3) 
0.3036 



0.333583 (13) 
0.04828 (5) 
-0.10196 (5) 
0.72212 (5) 
0.28971 (4) 
0.50713 (12) 
0.37193 (13) 
0.08083 (14) 
0.59045 (19) 
0.7102 (2) 
0.7426 



0.7615 
0.7045 



0.01682 (5) 
0.03653 (14) 
0.03470 (14) 
0.02947 (12) 
0.01573 (10) 
0.0221 (3) 
0.0230 (3) 
0.0365 (4) 
0.0245 (4) 
0.0373 (6) 
0.056* 



0.056* 
0.056* 
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T TO 

H3 
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0.031* 




C4 
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TTf A 
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0.049* 
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U.4441 


U.556 / 


A A/1 A* 
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Atomic displacement parameters (A 2 ) 
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A A1 K 

0.0145 


/AA 

(9) 


A AAT1 /TA 

—0.00/3 (/) 


A AA 1 A /*7A 

—0.0014 (/) 


A AAC C /OA 

—0.0055 (8) 


C13 


A AO O O 
0.0288 


/I 1\ 

(11) 


A AOAA /I 1 \ 

0.0299 (11) 


A A 1 AO 

0.0198 


/I 1 \ 

(11) 


A AAA/ /AA 

—0.0006 (9) 


A AAOT /AA 

—0.008 / (9) 


A AAO/ /AA 

—0.0086 (9) 


C14 


A AOT7 
0.02 / / 


/I 1\ 

(11) 


A AO/CT /I 1 \ 

0.026/ (11) 


A AO on 

0.0229 


/I 1\ 

(11) 


A A A 1 *7 /AA 
0.001 / (9) 


A AA/1 1 /AA 

—0.0043 (9) 


A AAOO /AA 

—0.0088 (9) 


C15 


0.0315 


(11) 


A AO 1 O /1 AN 

0.0218 (10) 


0.0176 


/ 1 A\ 

(10) 


A AATC /AA 

-0.0075 (9) 


A A A 1 1 / AA 

0.0017 (9) 


A AAAO /OA 

-0.0092 (8) 


C16 


A A") A £L 

0.0346 


(13) 


A f\AQ£ / 1 A\ 

0.0486 (14) 


A AO Z. A 

0.0254 


/1 oa 

(12) 


A AAOA /1 1 A 

—0.0020 (11) 


A A 1 1 A / 1 AA 

—0.0114 (10) 


A AO K / 1 1 A 

—0.0215 (11) 


CI / 


A AO 1 O 

0.0232 


/I 1\ 

(11) 


A AOAjC /1 1A 

0.0396 (1 J) 


A AO OA 

0.0289 


/1 oa 

(12) 


A AAA1 /AA 

0.0001 (9) 


A AAAO /AA 

-0.0092 (9) 


A A 1 AA / 1 AA 

—0.0199 (10) 


C18 


A A 1 H A 

0.0170 


/aa 

(9) 


A AOA/1 /AA 

0.0204 (9) 


A A 1 C £L 

0.0156 


/AA 

(9) 


A AACC /*7A 

-0.0055 (7) 


A AAC1 /*7A 

-0.0053 (7) 


A AA 1 A /OA 

-0.0039 (8) 


n q 


U.UZJ7 






0 0904 


MAN 


—A AA^7 CRN 


U.UUZO } 


U.UU7J \d J 


C20 


0.0283 


(11) 


0.0185 (9) 


0.0255 


(11) 


-0.0060 (8) 


-0.0034 (9) 


-0.0071 (9) 


C21 


0.0183 


(10) 


0.0228 (10) 


0.0190 


(10) 


-0.0075 (8) 


-0.0040 (8) 


-0.0035 (8) 


C22 


0.0241 


(11) 


0.0271 (11) 


0.0243 


(11) 


-0.0074 (9) 


0.0031 (9) 


-0.0119(9) 


C23 


0.0264 


(11) 


0.0216(10) 


0.0257 


(11) 


-0.0072 (8) 


-0.0006 (9) 


-0.0104 (9) 


C24 


0.0204 


(10) 


0.0307 (11) 


0.0235 


(11) 


-0.0096 (9) 


-0.0053 (8) 


-0.0110(9) 



Geometric parameters (A, °) 


Rhl— C24 


1.812(2) 


C7— H7 


0.95 


Rhl— 01 


2.0324(14) 


C8— C9 


1.378 (3) 


Rhl— 02 


2.0616(14) 


C8— H8 


0.95 


Rhl— PI 


2.2280 (6) 


C9— C10 


1.381 (3) 


Cll— C9 


1.745 (2) 


C10— Cll 


1.390 (3) 


C12— C15 


1.744 (2) 


C10— H10 


0.95 


C13— C21 


1.741 (2) 


Cll— Hll 


0.95 


PI— C6 


1.826 (2) 


C12— C17 


1.386 (3) 


PI— C18 


1.826 (2) 


C12— C13 


1.390 (3) 


PI— C12 


1.829 (2) 


C13— C14 


1.389 (3) 


01— CI 


1.276 (2) 


C13— H13 


0.95 


02— C4 


1.277 (2) 


C14— C15 


1.378 (3) 


03— C24 


1.150(3) 


C14— H14 


0.95 


CI— C3 


1.392 (3) 


C15— C16 


1.372 (3) 


CI— C2 


1.502 (3) 


C16— C17 


1.388 (3) 


C2— H2A 


0.98 


C16— H16 


0.95 


C2— H2B 


0.98 


C17— H17 


0.95 


C2— H2C 


0.98 


C18— C19 


1.391 (3) 


C3— C4 


1.391 (3) 


CI 8— C23 


1.396 (3) 


C3— H3 


0.95 


CI 9— C20 


1.390 (3) 


C4— C5 


1.502 (3) 


C19— H19 


0.95 


C5— H5A 


0.98 


C20— C21 


1.380 (3) 


C5— H5B 


0.98 


C20— H20 


0.95 
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C5— H5C 
C6— C7 
C6— Cll 
C7— C8 



0.98 

1.394 (3) 

1.395 (3) 
1.387 (3) 



C21— C22 
C22— C23 
C22— H22 
C23— H23 



1.390 (3) 
1.385 (3) 
0.95 
0.95 



C24— Rhl— 01 
C24— Rhl— 02 
01— Rhl— 02 
C24— Rhl— PI 

01— Rhl— PI 

02— Rhl— PI 
C6— PI— CI 8 
C6— PI— C12 
C18— PI— C12 
C6— PI— Rhl 
C18— PI— Rhl 
C12— PI— Rhl 
CI— 01— Rhl 
C4— 02— Rhl 
01— CI— C3 

01— CI— C2 
C3— CI— C2 
CI— C2— H2A 
CI— C2— H2B 
H2A— C2— H2B 
CI— C2— H2C 
H2A— C2— H2C 
H2B— C2— H2C 
C4— C3— CI 
C4— C3— H3 
CI— C3— H3 

02— C4— C3 
02— C4— C5 
C3— C4— C5 
C4— C5— H5A 
C4— C5— H5B 
H5A— C5— H5B 
C4— C5— H5C 
H5A— C5— H5C 
H5B— C5— H5C 
C7— C6— Cll 
C7— C6— PI 
Cll— C6— PI 
C8— C7— C6 
C8— C7— H7 
C6— C7— H7 
C9— C8— C7 
C9— C8— H8 
C7— C8— H8 



179.59 (8) 
91.04 (8) 
89.37 (6) 
88.08 (7) 
91.50(4) 
178.23 (4) 
101.96 (9) 
104.31 (9) 
104.69 (9) 
115.10(7) 
116.37(6) 
112.95 (7) 

126.58 (14) 
126.09 (14) 

126.0 (2) 
114.7(2) 
119.3 (2) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 

126.21 (19) 

116.9 

116.9 

125.59 (19) 
114.7(2) 
119.7(2) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 

118.78 (18) 

120.16(15) 

121.04(15) 

120.7 (2) 

119.6 

119.6 

119.1 (2) 
120.5 
120.5 



C8— C9— Cll 
CIO— C9— Cll 
C9— CIO— Cll 
C9— CIO— H10 
Cll— CIO— H10 
CIO— Cll— C6 
CIO— Cll— Hll 
C6— Cll— Hll 
C17— C12— C13 
C17— C12— PI 
C13— C12— PI 
C14— C13— C12 
C14— C13— H13 
C12— C13— H13 
C15— C14— C13 
C15— C14— H14 
C13— C14— H14 
C16— C15— C14 
CI 6— CI 5— C12 
CI 4— CI 5— C12 
C15— C16— C17 
C15— C16— H16 
C17— C16— H16 
C12— C17— C16 
C12— C17— H17 
C16— C17— H17 
CI 9— CI 8— C23 
C19— C18— PI 
C23 — CI 8 — PI 
C20— CI 9— CI 8 
C20— CI 9— HI 9 
C18— C19— H19 
C21— C20— C19 
C21— C20— H20 
CI 9— C20— H20 
C20— C21— C22 
C20— C21— C13 
C22— C21— C13 
C23— C22— C21 
C23— C22— H22 
C21— C22— H22 
C22— C23— C18 
C22— C23— H23 
CI 8— C23— H23 



118.52(17) 

119.74(17) 

118.7(2) 

120.6 

120.6 

120.8 (2) 

119.6 

119.6 

118.31 (18) 

123.42 (15) 
118.10(15) 
121.5 (2) 
119.3 
119.3 
118.7(2) 
120.6 
120.6 

121.06(19) 

119.43 (17) 
119.46(17) 
119.8 (2) 
120.1 
120.1 
120.7 (2) 
119.7 
119.7 

118.53 (19) 
124.22(15) 
117.25 (15) 
120.98 (19) 
119.5 
119.5 

119.05 (19) 

120.5 

120.5 

121.51 (19) 

120.00(16) 

118.47(16) 

118.60(19) 

120.7 

120.7 

121.32(19) 

119.3 

119.3 
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C8— C9— CIO 121.73 (19) 03— C24— Rhl 178.57 (19) 
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